Summary In this population-based study, we compared incident fracture rates in long-term care (LTC) versus community seniors between 2002 and 2012. Hip fracture rates declined more rapidly in LTC than in the community. An excess burden of fractures occurred in LTC for hip, pelvis, and humerus fractures in men and hip fractures only in women. Introduction This study compares trends in incident fracture rates between long-term care (LTC) and community-dwelling seniors ≥65 years, [2002][2003][2004][2005][2006][2007][2008][2009][2010][2011][2012]. Methods This is a population-based cohort study using administrative data. Measurements were age/sex-adjusted incident fracture rates and rate ratios (RR) and annual percent change (APC). Results Over 11 years, hip fracture rates had a marked decline occurring more rapidly in LTC (APC, −3.49 (95 % confidence interval (CI), −3.97, −3.01)) compared with the community (APC, −2.93 (95 % CI, −3.28, −2.57); p < 0.05 for difference in slopes). Humerus and wrist fracture rates decreased; however, an opposite trend occurred for pelvis and spine fractures with rates increasing over time in both cohorts (all APCs, p < 0.05). In 2012, incident hip fracture rates were higher in LTC than the community (RRs: women, 1.55 (95 % CI, 1.45, 1.67); men, 2.18 (95 % CI, 1.93, 2.47)). Higher rates of pelvis (RR, 1.48 (95 % CI, 1.22, 1.80)) and humerus (RR, 1.40 (95 % CI, 1.07, 1.84)) fractures were observed in LTC men, not women. In women, wrist (RR, 0.76 (95 % CI, 0.71, 0.81)) and spine (RR, 0.52 (95 % CI, 0.45, 0.61)) fracture rates were lower in LTC than the community; in men, spine (RR, 0.75 (95 % CI, 0.57, 0.98) but not wrist fracture (RR, 0.91 (95 % CI, 0.67, 1.23)) rates were significantly lower in LTC than the community. Conclusion Previous studies in the community have shown declining hip fracture rates over time, also demonstrated in our study but at a more rapid rate in LTC. Rates of humerus and wrist fractures also declined. An excess burden of fractures in LTC occurred for hip fractures in women and for hip, pelvis, and humerus fractures in men.
Introduction
With aging comes a gradual and progressive decline in bone quantity and quality and an increase in frailty, with a corresponding increase in fracture risk [1, 2] . The risk of a first [3] and subsequent [4] [5] [6] osteoporotic fracture increases with age. Among those aged 80 years and older, the 5-year risk of fracture has been estimated as 17 % in women and 11 % in men [3] . The consequences of fractures, particularly hip and spine, can be devastating and may be most severe in the elderly [4] . Fractures lead to substantial pain, reduced quality of life, dependence in self-care and mobility, institutionalization, and mortality [7] [8] [9] [10] .
Hip fractures, in particular, affect both mobility and the capacity to live independently. In Canada, an estimated 30 % of community-dwelling patients are institutionalized within a year following a hip fracture [9] . Approximately 50 % of long-term care (LTC) residents who have some independence in locomotion prior to hip fracture either die or develop total dependence within 6 months of their fracture [10] . Healthcare expenditures for osteoporosis-related fractures are considerable and are estimated in Canada to be $3.9 billion annually when all associated costs are considered [11] .
Previous studies examining temporal trends found that hip fracture rates have been stable or declining in the last two decades both in Canada and internationally [12] [13] [14] . Fewer studies have examined non-hip fracture trends, and the majority of population-based studies do not make a distinction between institutionalized versus community-dwelling seniors, yet LTC cohorts are older, frailer, and at increased risk of falls and fractures [15, 16] . Nearly 60 % of LTC residents also have some cognitive impairment, and one third of those have severe impairment [17] , placing these individuals at even greater fracture risk [18] . In this population-based study, we compared incident fracture rates between LTC and community cohorts for all major osteoporotic fracture types and examined differences in demographic and temporal trends between 2002 and 2012. We hypothesized that the LTC cohort would have a different fracture profile than the community and that fracture rates would decline over time for both cohorts.
Methods Setting
This study included seniors 65 years or older in Ontario, Canada. The province of Ontario has more than 13 million residents and has a universal, single-payer healthcare system that covers medically necessary physician and hospital services, as well as prescription drugs for individuals aged 65 years and older and all individuals residing in a LTC facility. The LTC sector provides residential care for older adults who need access to 24-h nursing, supervision, or higher levels of personal care. There are approximately 627 LTC homes in Ontario with a total of 77,000 beds. This sector does not include retirement homes, which are privately owned rental accommodations that provide some care services, although residents live independently.
Data sources and cohort
Patient records from several administrative data sources (Appendix 1) were linked to obtain demographic and fracture information for Ontario's seniors. Datasets were linked using unique, encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences (ICES).
Our . Individuals were retained in the analysis if they were alive and aged 65 years or older on the first day of the fiscal year. Residents who were in chronic care facilities (less than 0.1 % of records) were excluded, as they are considered a distinct cohort. An individual was classified as living in a LTC facility during a given year if in the month prior to the start of the fiscal year they filled a prescription while living in LTC, 1 received a visit made by a physician to a LTC facility, or had been admitted to and not yet discharged from LTC. Analyses were not adjusted for date of death during the year, thus persons alive at the start of a year contributed a value of 1 to the denominator for that year.
Outcome definition
Osteoporotic fractures were identified using an algorithm developed by the Public Health Agency of Canada [19] . Fractures were identified from emergency department and inpatient records on the basis of the International Statistical Classification of Diseases and Related Health Problems, 10th Revision, Canada (ICD-10-CA) diagnosis codes (listed in Appendix 2). Physician billing records were also searched for evidence of fractures not found in the hospital-based data; the algorithm required at least two physician claims for the same fracture type, dated within 91 days of one another.
Fracture rates were calculated separately for each major osteoporotic fracture type: hip, spine, humerus (shoulder/upper arm), wrist/forearm, and pelvis. Individuals with multiple fractures of the same type were counted once within a given year; however, a refracture of the same type was counted in a following year. Patients with multiple fractures of different types (including those stemming from the same fall) contributed to the numerator of each fracture sub-type. Records with overlapping dates were combined. BAny osteoporotic^fracture indicated the occurrence of any of the above osteoporotic fractures; a patient was counted only once in the numerator of this indicator even if multiple fractures occurred during that year.
Statistical analysis
Crude incident fracture rates per 10,000 persons were calculated by pre-fracture residence (LTC versus community) and stratified by gender and age (65-74 years, 75-84 years, and 85+ years). Direct standardization was used to calculate annual age/sex-adjusted incident fracture rates using the 2002 Ontario LTC cohort as the reference population. Standardization allows comparisons between the two cohorts by removing any changes in rates introduced by the aging of the population over the time period. The gamma method was used to calculate confidence intervals for standardized rates [20] . Agestandardized rate ratios were computed to compare fracture rates in LTC relative to the community.
We used joinpoint regression analysis 2 to examine temporal trends in fracture rates over the study period. This software calculates the number and temporal location of points where a statistically significant change in trend occurred (i.e., a Bjoinpoint^). The program starts with a model with 0 joinpoints (i.e., a straight line) and tests whether 1 or more joinpoints should be added to the final model. The grid search method was selected for fitting the model and the permutation test (number of randomly permuted data sets = 4499) for determining the optimal number of joinpoints; Bonferroni adjustment was used to correct for multiple testing. We selected the heteroscedastic random error option and specified the standard error at each time period. 3 Log transformation was selected in order to calculate annual percent change (APC), which was the average rate of change in a fracture rate per year during the study period. APCs are scale invariant and useful for comparing across populations or sub-groups with very different rates. The APC was tested against the null hypothesis that the percent change was zero (i.e., neither increasing nor decreasing over time). Tests of parallelism (null hypothesis that the two lines are parallel) were performed to examine whether the rate of change differed between groups. For all analyses, a two-tailed p value of less than 0.05 was taken to indicate a statistically significant effect.
Results
At baseline, the mean ages in LTC and the community, respectively, were 85.0 years (standard deviation (SD), 7.4) and 74.8 years (SD, 7.0) in women and 81.5 years (SD, 7.7) and 73.5 years (6.4) in men. Age remained stable over the study period in both cohorts. Approximately 72 % of LTC residents and 56 % of community-dwelling residents were women.
Fracture burden
Between 2002 and 2012, the population of Ontario seniors increased from approximately 55,000 to 72,000 in LTC and from 1.4 to 1.8 million in the community (Appendix 3, Appendix 4), During this 11-year period, 348,205 osteoporotic fractures occurred in Ontario residents age 65 and over, with 9.5 % (n = 33,218) occurring in residents living in LTC. LTC residents contributed to 17 % of all hip fractures and 11 % of all pelvis fractures occurring in Ontario seniors 65 years and older. Consistent with the increasing number of seniors in the community, there was a steady increase in the absolute number of osteoporotic fractures, from 25,480 in 2002 to 32, 899 in 2012 ( Fig. 1 ; Appendix 4). In LTC, although the overall population also increased, the absolute number of fractures remained relatively stable from 2004 onwards (approximately 3000 annually; Appendix 3). Figure 1 displays the percentage contribution of each fracture type to the total number of fractures in each cohort. Of 33,218 fractures in LTC, the percentages were hip (49 %), pelvis (19 %), wrist (13 %), humerus (11 %), and spine (8 %). Of 314,987 fractures in the community, the percentages were wrist (28 %), hip (26 %), pelvis (16 %), humerus (15 %), and spine (14 %). Table 1 displays the age-standardized incidence rate ratios for all fracture sub-types. Compared with similarly aged seniors residing in the community, the rate of hip fractures in LTC was 1.6 times greater in women and 2.2 times greater in men. Women residing in LTC had similar age-adjusted rates of pelvis and humerus fractures and significantly lower age-adjusted rates of spine and wrist fractures as women residing in the community (Table 1) . Men residing in LTC had higher age-adjusted rates of pelvis and humerus fractures and lower ageadjusted rates of spine fractures compared with community-dwelling men. Figure 2 displays the stratum specific fracture rates in 2012. In the community, there was a uniform increase in fracture rates with each age strata, whereas in LTC, less of an age gradient existed. In LTC, similar fracture rates were observed in the two oldest age strata (75-84 and 85+). After age 85 years, community-dwelling individuals had comparable rates to seniors residing in LTC. Men in LTC had high rates of hip fracture, approaching the rate for women in LTC (Fig. 2) . In LTC, hip fracture rates were highest for both men and women across age strata. In the community, hip fracture rates were highest for men after age 75 and for women after age 85.
Fracture incidence

Temporal trends
From 2002 to 2012, the age/sex-standardized incidence rate of any osteoporotic fracture decreased from 4.3 % (95 % confidence interval (CI), 4.08, 4.42) to 3.5 % (95 % CI, 3.33, 3.61) in LTC and from 3.3 % (95 % CI, 3.22, 3.35) to 2.9 % (95 % CI, 2.87, 2.97) in the community. Corresponding numbers for hip fractures were 2.6 % (95 % CI, 2.49, 2.76) to 1.9 % (95 % CI, 1.76, 1.97) in LTC and from 1.4 % (95 % CI, 1.36, 1.45) to 1.0 % (95 % CI, 1.04, 1.10) in the community.
As displayed in Fig. 3 , there was no evidence of a significant joinpoint for any of the fracture sub-types, indicating that the observed changes in rates were linear over time. Overall, there was a more rapid decline for any osteoporotic fracture in LTC (APC, −2.04 (95 % CI, −2.40, −1.68)) than in the community (APC, −1.19 (95 % CI, −1.53, −0.85); p < 0.0001 for difference in slopes). In LTC, there was no difference between men and women in the rate of decline (APC, −1.93 (95 % CI, −2.28, −1.59)); however in the community, there was a more rapid decrease in any osteoporotic fracture rates for women (APC, −1.15 (95 % CI, −1.49, −0.82)) than men (APC, −0.59 (95 % CI, −1.15, −0.03); p < 0.05 for difference in slopes).
When we examined temporal trends separately by sub-type (Fig. 3 ), hip fracture rates had the most marked decline, which occurred more rapidly in LTC compared with the community (p < 0.05 for difference in slopes). Humerus fracture rates also decreased more rapidly in LTC than in the community (p < 0.01 for difference in slopes). Wrist fracture rates decreased over time but at a similar rate in LTC and the community. An opposite trend occurred for pelvis and spine fractures; fracture rates increased over time, at a similar rate in both cohorts.
Discussion
In this population-based study, we examined trends in fracture rates in Ontario, Canada from 2002 to 2012 and examined differences between LTC and community-dwelling cohorts. Our study included all major osteoporotic fractures, whereas the majority of previous studies in elderly cohorts have focused on hip fractures. Our study identifies that any excess burden of fracture in LTC residents compared with similarly aged community dwellers was dependent on the type of fracture. By the end of the study period, incident hip fracture rates were 1.6 times higher for women and 2.2 times higher for men residing in LTC versus the community. Pelvis and humerus fracture rates were similar between cohorts for women, but higher for men residing in LTC. Wrist and spine fracture rates were lower in LTC than in the community. Hip fractures were most common in LTC, accounting for 49 % of all fractures; wrist fractures were most common in the community and accounted for 28 % of all fractures. When we examined temporal trends over 11 years of observation, the absolute number of fractures increased over time in the community, whereas in LTC, it remained relatively stable from 2004 onwards. Age/ sex-standardized incidence rates for hip, wrist, humerus, and any osteoporotic fractures declined linearly over time for both LTC and community residents, with the most marked decline for hip fractures. Rates of pelvis and spine fractures increased during the study period. There was a faster rate of decline in LTC versus the community for hip, humerus, and any osteoporotic fractures.
We observed a leveling in fracture rates across age strata in LTC, particularly after age 75, which may reflect that residents who enter LTC already have a high degree of frailty [16] and approximately three quarters have moderate to severe limitations in activities of daily living [17] . Given that there is a strong relationship between frailty and fractures that is independent of age [2] , these residents are at high risk for fractures due to frailty-related risk factors. Residents of LTC who had a fracture while living in the community have been found to be at greater risk of both entering LTC [9] and having a future hip fracture [18, 21] .
After age 85, differences between the LTC and community cohorts diminished with similar rates of hip and pelvis fractures, particularly for women. This is an indication that the most elderly cohort likely has a similar risk profile and/or degree of frailty irrespective of where they are living.
Similar to others [15] , we observed less of a gender difference in fracture rates in LTC than in the community, particularly for hip fractures. Crilly et al. [15] suggest that more older men than women have spouses who care for them in the community until they are particularly frail or ill and that those who are institutionalized may therefore be frailer than their female counterparts. Few studies have examined the demographics of frailty in LTC, although a high prevalence is reported for both men and women [22, 23] . In contrast, we have found that among community dwellers, women are frailer than men across all age decades [2] .
Estimates in the literature vary substantially regarding the magnitude of the increased fracture risk in LTC versus the community. For hip fractures, our age-adjusted risk ratios for LTC versus community residents were similar to those reported by Crilly et al. [15] for women and lower for men. In 2012, LTC residents had up to double the relative risk for hip fractures, which is lower than what was reported in older studies [24] [25] [26] [27] . Older studies reported the highest risk ratios in the youngest senior age strata [15, 25] . For the LTC cohort, our incidence rates were similar to [15, 27, 28] or lower than [29, [31] . Our reported rates in the community were higher than the communitybased Canadian Multicentre Osteoporosis Study (CaMos) [32] although there are differences in study methodologies with CaMOS relying on patient self-report. Our observed temporal trends are consistent with previous studies [13, 14, 33] . A Canadian study [13] spanning 1985 to 2005 observed a significant change in hip fracture trends occurring in 1996 (APC of −1.2 % from 1985 to 1996 and −2.4 % between 1996 and 2005). In a similar American study [33] , age-adjusted hip fracture rates fell by 20 % between 1993 and 2003; however, in the cohort 75 years and older, age-adjusted rates fell by 4.0 % in women but increased by 6.8 % in men. An Ontario study spanning 1992 to 2000 [14] observed a decline in hip and wrist fracture rates beginning in 1997, correlating with an increase in bone mass density (BMD) testing and osteoporosis medications.
Our observed increase in spine fracture rates over time is consistent with a population-based Swiss study, which observed significant increases in hospitalization rates for spine fractures between 2000 and 2008 (33) . Given that spine fractures are often asymptomatic and under-reported [34] , the observed increase may reflect improvements in reporting and diagnosing these fractures. Using dual X-ray absorptiometry (DXA)-based vertebral fracture assessment, Rodondi et al. [35] estimated one third of LTC residents had a prevalent vertebral fracture, although they commonly go undetected in elderly residents and may be a substantial source of pain and agitation [36] . The increase we observed in pelvic fractures was also found in a Dutch study between 1986 and 2011 [37] and may reflect better detection with increased use of computed tomography (CT) and magnetic resonance imaging (MRI) examinations [28] .
The downward trend in overall fracture rates is likely partly attributable to the rapid increase in osteoporosis medication use in the last half of the 1990s (e.g., alendronate for osteoporosis was approved in 1995 in the USA and Canada) [14] . However, low rates of treatment in high-risk individuals [38] , particularly for men, and evidence of a decreasing trend prior to the approval of bisphosphonates for treating osteoporosis, suggest other factors are also responsible. The role of other potential factors, such as population-level changes in health, nutrition, body mass index (BMI), smoking, and hormone levels is not entirely clear [13] . Both smoking cessation and an increase in body weight, in particular, have been suggested as lifestyle factors that may have a demonstrable impact on fracture risk [39] . In LTC, vitamin D supplementation is the only intervention that has been shown to decrease the rate of falls [40] and is recommended for fracture prevention, particularly those at high risk [41] ; we have previously reported a considerable increase in vitamin D prescribing in LTC across the province during the study time period [42] .
A provincial government-funded initiative that has been ongoing since 2005 has also likely impacted fracture rates in Ontario seniors [43] . The Ontario Osteoporosis Strategy is targeted at reducing morbidity, mortality, and costs from osteoporosis and related fractures through an integrated and comprehensive approach aimed at health promotion and disease management. In LTC (www.osteoporosislongtermcare.ca), the Ontario Osteoporosis Strategy has been focused on knowledge translation (KT) activities, including ongoing educational outreach and dissemination of Fracture Prevention Tool-Kits [42] . Other more intensive KT initiatives have successfully incorporated clinical tools and process changes in Ontario LTC homes [42] . Falls prevention has been a key priority of the Ontario Ministry of Health and Long-Term Care and is supported by a number of initiatives including the Registered Nurses Association of Ontario, Long-Term Care Best Practices Program [44] .
Although overall fracture rates declined during our study period, an osteoporosis care gap (i.e., gap between recommendations and practice) has been well documented in both community-dwelling and LTC seniors [38, 45] . The osteoporosis care gap in LTC reflects the uncertainty many clinicians have regarding fracture risk assessment and optimal management of osteoporosis in LTC residents [46] . To address these concerns, osteoporosis guidelines targeting care for the frail elderly living in LTC were recently completed [41] . Improving uptake of evidence-based care in both the community and LTC is imperative to realizing further declines in fracture rates.
There are several strengths and limitations to our study. One of our main strengths is that there was no selection bias as this was a population-based study that utilized administrative databases that included all residents of the province of Ontario. We used a standardized approach for identifying fracture outcomes developed by the Public Health Agency of Canada [19] . Linkage with several databases enabled us to accurately determine separate cohorts for LTC and community-dwelling residents. The ability to include data from day surgery, outpatient clinics, and emergency department visits allowed us to more completely identify non-hip fractures and not rely only on hospitalization and physician billing data which a Canadian validation study found underestimated rates of wrist and spine fracture [47] . One of the limitations of our study was not being able to include other fracture risk factors such as prior fracture, frailty, and BMI. Another limitation was that the analyses were not adjusted for the date of death within a fiscal year. For example, if someone died earlier in the year, they would have less chance to develop a fracture during that year. Given the high rates of mortality in LTC compared with the community [48] , it is possible the fracture rates for the LTC cohort are underestimated compared with the community, although others [15] have suggested that they may be overestimated because there is high turnover in LTC and there is excess risk associated with people newly admitted to LTC [30] . It is possible that spine fractures may have been under-reported in LTC (for example, fractures noted on a chest x-ray taken in the LTC home but not specifically billed for); however in both community and LTC settings spine fractures are likely to have been under-reported [34, 49] . Given the considerable variation in fracture trends worldwide [12] , it is not certain whether our results are applicable to institutionalized or community cohorts in other regions.
In summary, we demonstrated that hip and any osteoporotic fracture rates declined over time and at a faster rate in LTC than in the community. Despite some of the observed differences between cohorts, relatively similar rates of hip fractures were observed for LTC women and men and for community-dwelling women after age 85. The declining trend in fracture rates is encouraging and signals the need to continue with initiatives targeting fracture reduction for all seniors and particularly those groups at highest risk. Multiple fractures of forearm S52. 8 Fracture of other parts of forearm S52. 9 Fracture of forearm, part unspecified Pelvis S32.1 Fracture of sacrum 808-fracture of the pelvis S32. 3 Fracture of ilium S32. 4 Fracture of acetabulum S32. 5 Fracture of pubis S32.7 
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